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Remarks/Arguments 

Submitted herewith are copies of the patents and literature references discussed and 
distinguished on pages 1 to 4 of the instant application and Patent No. 4,103,001 to 
Schattner. It is pointed out that the Buchalter (U.S. 3,983,252) and Bruckner et al. (U.S. 
4,851,449) patents distinguished are now used by the Examiner in combination with the 
Hoover (U.S. 3,562,157) patent to reject the claims under 35 U.S.C. 103(a). 

Also, it is to be noted that of the patents submitted. Pepper et al. (U.S. 3,016,328), 
Stonhill (U.S. 3,282,775), and Bruckner et al. (U.S. 4,971,999), were issued with product and 
process claims showing that examining claims to both product and process in this art does 
not present an undue burden to the Office. 

On this point of restriction, the Examiner now states "whether or not bleach is a high 
level disinfecting composition in not an issue." In fact, it is THE issue. The original 
restriction requirement of July 1, 2005 stated as one basis for restriction that the process for 
using the product as claimed can be practiced with another materially different product and 
set forth bleach was such a product. Applicants responded by pointing out the method claims 
require a high level disinfectant and that bleach in not a high level disinfectant. Thus, that 
basis for supporting restriction was untenable and for the Examiner to now state that this is 
not an issue is disingenuous. The process claims require a conjugated aliphatic dialdehyde 
for high level disinfection and the fact that bleach is not a conjugated aliphatic dialdehyde 
and cannot provide high level disinfection is very relevant on the issue and restriction. 
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The submission of patents examined by the Office having claims to both product and 
process in the same field shows that a search for both does not present an undue burden to the 
Office. Thus, both bases for restriction set forth by the Examiner are in error. 

The amendments to the Specification have been submitted to correct an inadvertent 
error made on page 4 in the Amendment of December 9, 2005. Therein it was requested that 
the paragraph on page 5. lines 14-22 be replaced with the amended paragraph set forth. This 
was an inadvertent error and the correct page and line should have been "page 6, lines 1 1- 
14." Also, "32" has now been substituted for "24" in line 19 of page 5, to conform to claim 
10. This is not a new issue. The necessary amendment to page 5, lines 14-22 to correct the 
misspelling of "aliphatic" had already been made on page 3 of the December 9, 2005 
Amendment. 

Also, the misspelling of "sequestrant" on page 7, line 14 has been corrected and 
inclusion of "odor suppressant" made to conform to the specification on page 6, line 13 and 
original claims 6 and 14. This is not a new issue. 

The specification on page 6, line 13, and independent claims have also been amended 
to recite that the aliphatic dialdehyde has less than 8 carbon atoms and at least one aldehyde 
group adjacent to a double bond. This was set forth in the claims 4 and 12 as originally filed 
and thus is not a new issue. 

Also, claims 6 and 14 have been amended to correct the misspellings of suppressants 
and sequestrants and to substitute the word "or" for - and - to make them conform with the 
disclosure on page 7, line 14. This is also not a new issue. 
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This leaves for discussion the rejection of claims 1-6 and 10-14 under 35 .S.C. 103(a) 
as being unpatentable over Hoover, of record, in viev^ of Buchalter (U.S. 3,983,252) and 
Bruckner et ah, also of record. The defects of Hoover have been previously pointed out by 
Applicants in their Amendment of December 9, 2005. Not only has the Examiner failed to 
address these but has failed to show that it would be obvious to one skilled in the art to 
combine the secondary references with Hoover. Nothing is set forth in the Final Rejection 
explaining how the secondary references are to be combined with Hoover and why it would 
be obvious to one skilled in the art to do so. 

It is therefore requested that the Finality of the rejection be withdrawn and that the 
Examiner set forth the missing explanation and permit Applicants the opportunity to respond 
thereto. 

Having nothing concrete to respond to, Applicants can only state, based on the 
references themselves, that the combination of references would not be obvious to one skilled 
in the art and that even if combined, the references fail to disclose or suggest Applicants' 
claimed inventions. 

It is again pointed out that Hoover does not disclose or suggest a sterilant/high level 
disinfectant and the use of a buffering agent and requires the use of hydroquinone, a known 
toxic material. While hydroquinone might be sensible for use in secondary oil recovery, it 
could not be used in medical environments where Applicants' products and those of the 
secondary references are to be used. Also, hyroquinone is not a buffering agent. 
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It is to be noted that Hoover may have a composition which is initially at a pH of 7 or 
below, but it is not buffered to maintain the pH at the desired level during storage and use. 
See lines 6 to 12 on page 7 of Applicants' specification. 

Nor would it be obvious to eliminate the hydroquinone or to add a buffer thereto. 
Further, as noted in Applicants' previous Amendment, the amount of malealdehyde used in 
Hoover is at most 20 ppm (0.0002% by weight), compared to the range of 0.5% to 1% by 
weight required by Applicants' composition to be an effective sterilant/high level 
disinfecting product. 

As to the secondary references, they do not disclose or suggest the use of a 
conjugated aliphatic dialdehyde having less than 8 carbon atoms and at least one aldehyde 
group adjacent to a double bond. Buchalter requires the use of a saturated aliphatic 
dialdehyde and Bruckner et al. an aromatic dialdehyde. In this art these are important 
differences and this is highlighted by the fact that the Buchalter patent was cited against 
Bruckner et al. and the Bruckner et al. patent allowed thereover showing that it was not 
obvious to those skilled in this art to substitute the aldehyde of one for the other. It is even 
more unobvious to substitute the malealdehyde of Hoover since Hoover, for the reasons 
discussed above, is not directed to a high level sterilant/disinfecting composition. 

Further, the Examiner is in error by stating it "would have been reasonably expected" 
that the unsaturated aliphatic dialdehyde would be as similarly effective against bacteria as 
the saturated aliphatic dialdehyde of Buchalter. This is nothing but an "obvious to try" 
rejection. That is an impermissible standard for a rejection under 35 U.S.C, 103, which 
section of the statute requires a showing that it would have been obvious to produce the 
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instant claimed invention without the benefit of hindsight. See Orthokinetics, Inc. v. Safety 

Travel Chairs, Inc. 1 USPQ2d 1081 (Fed. Cir. 1986) 

See also In re Sernaker 217 USPQ 1 (Fed. Cir. 1983) wherein the Court stated at p. 6: 

"prior art references in combination do not make an invention obvious 
unless something in the prior art references would suggest the advantage from 
combining their teachings ." (emphasis added) 

In this case the prior art references show nothing to suggest that their combination as 
suggested by the Examiner would give the advantages of the Applicants' claimed invention. 

The combination attempted is based solely on impermissible hindsight using 
Applicants' disclosure as a guide and taking bits and pieces from each of the cited references 
to arrive at Applicants' claimed invention without any suggestion in the art for such 
combination. 

The references cited on page 1 through 4 of the application, two of which are already 
of record, have been submitted herewith solely to show the state of the art and that the Patent 
Office allowed: 

(1) Pepper et al. Pat. No. 3,016,328 to glutaraldehyde as sterilizing agents; 

(2) The Stonehill Pat. No. 3,282,775 to saturated dialdehydes as sterilizing agents over 
Pepper et al. which was cited by the Examiner during it prosecution; 

(3) Boucher et al. Pat. No. 3,708,263 limited to a method and apparatus for continuously 
sterilizing medical equipment utilizing compositions comprising glutaraldehyde and was 
allowed over the Pepper et al. and Stonehill patents cited during its prosecution; 

(4) Boucher Pat. No. 3,912,450 to the use of glutaraldehyde as a sterilizing composition 
was allowed over the Pepper et al. and Stonehill patents cited during its prosecution; 
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(5) Boucher Pat. No. 3,968,248 to glutaraldehyde as a sterilizing solution over the Pepper 
et al. and Stonehill patents sited during its prosecution; 

(6) Boucher Pat. No. 3,968,250 to glutaraldehyde as a sterilizing agent over Pepper et al. 
and Stonehill cited during its prosecution; 

(7) Buchalter Pat. No. 3,983,252, already of record in this case, directed to a saturated 
dialdehyde as a high level sterilizing and disinfectant solution was allowed over Pepper et al, 
and Stonehill cited during prosecution; 

(8) Schattner Pat. No. 4,103,001 to the use of glutaraldehyde as a sterilizing composition 
was allowed over the Stonehill and the four above-noted Boucher patents cited during 
prosecution; 

(9) Jacobs Pat. No. 4,436,754 to the use of glutaraldehyde as a sterilizing composition 
was allowed over the Pepper et al., Stonehill, two of the Boucher patents noted above, 
Buchalter, and Shattner patents cited during its prosecution; 

(10) Bruckner et al. Pat. No. 4,847,304 to the use of a glutaraldehyde combined with an 
aromatic dialdehyde as a sterilizing composition was allowed over the Pepper et al., 
Stonehill, four Boucher patents noted above, Buchalter, and Jacobs patents cited during its 
prosecution; 

(1 1) Buckner et al. Pat. No. 4,851,449, already of record in this case, to the use of a 
disinfecting and sterilizing composition was allowed over the Pepper et al., Stonehill, the 
four Boucher, Buchalter, and Jacobs patents cited during its prosecution; 



AMENDMENT - Page 12 



Appl. No. 10/810,126 

Amdt. Dated May 8, 2006 

Reply to Office Action of March 21, 2006 

(12) Bruckner et al. Pat. No. 4,971,999 to the use of phthalaidehyde as a sterilizing and 
disinfecting solution was allowed over three of the four Boucher, Jacobs, and Bruckner et al. 
4,851,449 patents cited during its prosecution; and 

(13) The Gorden et al. article shows efforts to enhance the mycobacterial activity of 
glutaraldehyde by using therewith certain unsaturated and aromatic aldehydes which posses 
little, if any, activity on their own. 

All the foregoing patents and Gorden et al. article are directed to sterilizing and 
disinfecting agents to be used to sterilize medical equipment and the problems in this field, as 
is Applicants' invention. Not one discloses or suggests the use of a conjugated aliphatic 
dialdehyde as claimed by Applicants. Moreover, Applicants show on page 3 of their 
specification that the glutaraldehyde compositions disclosed in the above-noted patents once 
deemed effective are now less effective as determined by the newest method referred to as 
the Quantitative Tuberculocidal Test Method. 

In contrast, the Hoover patent is to a completely unrelated field, secondary oil 
recovery, does not use buffering agents, and uses a toxic additive, hydroquinone, making it 
unsuitable for medical use. To modify the Hoover patent for use in the medical field by 
eliminating hydroquinone and adding buffering, surfactants, and other ingredients to enhance 
the efficacy, stability and materials compatibility of the products shown in the above-cited 
patents would not be obvious to one skilled in this art, but simply as exercise in hindsight 
particularly since there is no patent that shows or suggests that malealdehyde can function as 
a high level sterilant and disinfectant. It alone cannot do so any more than bleach can. The 
fact that a compound can kill certain bacteria does not mean it will be effective as a high 



AMENDMENT - Page 13 



Appl.No. 10/810,126 

Amdt. Dated May 8, 2006 

Reply to Office Action of March 21, 2006 

level disinfectant that will also destroy spores and meet the standards of the noted new test. 
Applicants have made a patentable advance in the art showing how a conjugated aliphatic 
dialdehyde can be used to form high level sterilizing and disinfecting agents, a clear and 
patentable advance in the art. 

For the forgoing reasons, reconsideration is required of the restriction requirement 
and rejection of the claims and the allowance of all the claims is respectfully requested. 

References discussed above and submitted herewith include: (1) Pepper et al. Pat. 
No. 3,016,328; (2) Stonehill Pat. No. 3,282,775; (3) Boucher et al. Pat. No. 3,708,263; 
(4) Boucher Pat. No. 3,912,450; (5) Boucher Pat. No. 3,968,248; (6) Boucher Pat. No. 
3,968,250; (7) Buchalter Pat. No. 3,983,252; (8) Schattner Pat. No. 4,103,001; (9) Jacobs Pat. 
No. 4,436,754; (10) Bruckner et al. Pat. No. 4,847,304; (1 1) Buckner et al. Pat. No. 
4,851,449; (12) Bruckner et al. Pat. No. 4,971,999; and (13) The Gorden et al. article 
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SUMMARY 

Several a.fi-vasavat»}cd ood aromatic aldehydes were cvaliialcd lor anlimicrobia! aciivily using Xfycoboaaium bavis as iJic tcU strain. Adivil yol motf 
Ibe oofnpounds vfia dctcrmineil i» the pnscnou and absence of 2% glutaraldehyde. Several compounds highly aaiw agamst this organism, c .fl Q-pcntcnap 
hcazaWchydc. and fvptithalaldehydc showed rapid ItlR of >10* CFU ral-» m 5 mio. Activity o4 a.^.1snsaturalcd compounds substituted in the >, poiu«n 
showctl iiici««siiM5 uctiviiy with iocreastr^g chain knglh. Of the aronuilic aldehydes icaal. bcnzaldchydc aod p-dimcihylaxnioo beozaldchydc showed fittk 
activity alone, but vbcn comblBcd with 2% gluiaraldcliydc showed increased aciiviiy. SubsiHuems added u> ibc bcnzaldchydc ring (lAvu. ddoio. metfagil. and 
raeihi^y) all detracted from the simapsai. bat sliU showed increased ccifriiy ovci the octiviiy of 2% ghnaraldcli>xie. The same a«ccl was noted wilh 
disulstlluled bcnziddcliydle campaiuMls bat not vr'Ob subsiituicd o-^thulaMchyde (2-fonny]ronnaldciiyd6>. 



INTRODUCTION 

Aldehydes have biological activity which includes inhi- 
bidon of metabolism in both eucaiyotic [2831 and proc&iy- 
otic oiganfecns {7, 14,20,22^), antitumor effeds [301. cefl 
division [12). and static and ddal activity against various 
bactetia [2,4,26], fun^ (1,10JJ,13). and viruses [3,18^1. 
Several aldehydes occur naturally and have antimiaobial 
act ivities thai p rovide protective mechanisms. For example; 
'*^gns-2-hexctwCh fungicide, occurs naturally in the damaged 
leaves of Cingko biloim protecting the leaves from tnfectioii 
by fungi [19]. Citral and other terpene akiebydes foirod in 
grasses inhibit the growth of microbes in the stomachs of 
rumtnants, thereby hindering complete utilization of ingested 
food (24]. 

Several, factors influence the activity of aldehydes, such 
as carbon chain lei^th, substtloent groups, and degree of 
bond saturation. These factors, affect the reactivity of the 
carbonyl carbon with sulfhydryl-and annuo groaps, thereby 
affecting reaction with proteins aiul nucleic adds. Damage 
or rearrangement of these molecules can be the cause of 
the effects mentioned above- «,p-Unsatu rated aldehydes 
react primarily with sulfydryl groups (primarily on proteins) 
fomring a saturated ahlehyde with a tbioether linkage. The 
reactivity of the carbonyl g^up of the a,^unsaturated 
aldehyde is affected by sitetituent groups on the carbon 
cbara. The activity of aromatic aldehydes is also related to 
the reactivity of the carbonyl carbon(s)r as demonstrated by 
the fact that while benzaid^de is an active antimicrobial. 
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beiKiy] aloohot and benzoic acid are not. The reactivity is 
aJso affected by substiiuent groups on the aromatic ring 

CHutaraldehyde (GA) b one of the most biologically 
active alkyi aldehydes in terms of its abUity to kill bacteria, 
fungi, and viruses [SJ6]; however, it does not possess the 
rapid myoobacteriddal activity required by tiseis of liquid 
disinfectants [9]. Extended exposure time above that effective 
for other vegetative cells is required for comj^ete kill of 
alO^ CFU Mycobacterium bovis BOG. This is true for 
Mycabaaerium tuberculosis^ and most of the atyfncal myco- 
bacteria. It has been demonstrated with Mycobacurium 
chehniae, that a barrier to aqueous solutions exists [17] and 
lack of penetration of aqneous antimtcrobiab into the cell 
may acooont for their reduced activity. 
* In this paper we report the mycobactericidal activity of 
o^^unsatoratcd aldehydes and aromatic aldehydes for their 
activinr in the presence and absence of GA. Mycobacteriddal 
activity is examined as a measure of activity since mycobac- 
teria appear to be the most difficult of the vegetative 
organisms to .inactiviite with GA. Any increased activity 
provided by the added compotmds can easily be cfiscerned. 

MATERIALS AND METHODS 

Mycobacttrid assays 

Mycobacterium bovis ATCC 35743 was grown according 
to a previously published method [2]:. Cclte were stored in 
2-ml aliquots at -70 *C until used. Frozen cultures were 
thawed at room temperature^ diluted with saline contaimi^ 
0.0S% Tween 80 (Difco, Detroit, Ml. USA) to a titer of 
proximately lO'CFUml"'. One milliliter of the cell 
suspension was adiled lo 9 tnl of the test sohition at 20 °C 
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and aliquots removed at time intervals, diluted in an eqn^ 
voiume of neotraltzer, serially diluted in saline and collected 
on 0.45- jicm pore sze membrane filters (MflKpore Corp^^ 
Medford, MA, USA) wlucb weie placed mto Middlebrook 
7H10 (Difco) with OADC (oleic add-albmntiiKlextrose- 
catalase) enrichment (Difco) agar plates. Duplicate samples 
were plated and incubated for 21 days at 37 X and counted 
using a binocular microscope. Data were plotted as survivors 
{S/So, where S is the number of or]g;suBisin$ at any given time 
point and So is the mmber of ofganisms at 2ero time). 

Test solutions 

GA solutions were prepared at a 2% concentration at a 
pH of 7.5. Q, ^-Unsaturated and aromatic aldehydes were\ 
added to the GA at the same molar conceotraticn or to the 
fimit of their solubility. 



TABLE 2 

Effect of a«i3-unsatiirated monoaldehydes on mycobacteriddat 
activity of alkaline 2% ghitaraldchyde solutions* 



2% Glutaraldchyde monoaldefayde 



lime for total lull at 
20X(min) 



None (2.0% GA) 
2-propend (0.19) 
2-inetbyl-2>propcnal (0.23) 
2-bucenal (0.23) 
2^etbyl-2'bQienal (0.28) 
3Hnetbyl>2-butenal (0.28) 
2rPentenal (0 28^ 
^l^mnal (033) 
\ 3^phcnyl-i-l3lu|ktDal (0.10^) 
2,4'hcxadtenal (0.32) 



>90 
5-10 
30 
30 

60-70 
40-45 



Test sotutioQs were buffered with 0.6% dipotastitim hydrogca 
phosphate. The pH of the test solutions was adjusted to 8.0 with 

^EqnKralent lo 3.33 cnmol of monoahSebyde per 100 g of sohition^ 
except as noted. 

'^Solubility limit » cqiuvalent to 0.77 mmol per 100 g of solutioo. 



Neutralization of aldehydes was accomplished with sodium 
bisulfite at a concentration 2.2 times the concentration 
of the total aldehyde ootioentration in the test solution. 
Andmiaiobtal activity of the neutralizer was assessed by the 
addition of equal volumes of nentrafizer and test sohition 

and spiking the mixture with 10^ CFU ml"* M. bovis and 

incubating it under the test conditions and plating lor ^toxicity (as indicated by their widespread use in the toogC 
survivors up to an hour. \ flavor industry) and good activity enhanceraenftT The tr^t 

active L'oinikMica, 'z-propenal, is a highly toxic compound 
not lilcely to be used in products having the potential to 
come into contact with humans. 

Of the series of 2*alkenal compounds in which an 
alkyl group is substituted in one /9>position, the activity 
enhancement follows the order: 




RESULTS 

et,p-Unsttturated aldehydes 

The structures of the compounds studied are shown in 
Table 1. Table 2 shows the relative activities of 
unsaturated monoaldehydes when combined with 2% GA 
sohition. 2-Plropenal had the greatest enhancement of activity 
against M. bovis BCG. This compound has no substituents 
on tte carbon backbone. All other substituted compounds, 
except 2*he3tenal, showed less activity, but still showed 
enhanced activity over 2% GA. Snbstitution in both fi- 
positions (3-inethyl-2-butenaI) or in the o* and one of the 
^-positions (2-methvl'2'^utenal) . resulted in red uced activity 
relative to that of 2'propenal. ^-HexcnJ^ dva-phenyl-7[^ 
^^ |grbpcna t)are two compounds in cms ser^s that hadQ^) 

TABLE] 

Structure of a,0-iiiisaturaled aldehydes stucfied 



2-propenal 
3*nieibyl-2-buteDal 

2-methy1-2-buienal 

rniiis>2-lieseoal 

2- peiitcnal 
2«buteDa] 

3- {^eiiyl-2-propeiial 
2,4-hexadieiial 



CH, 

H3C— C=C— CHO 
CH3 

HjC CH=0--CHO 
H3C-CH2— CHr- CH=CH— CHO 
H,C— CH2--CH=CH— CHO 
H,C— CH=»CH— CHO 
O— CH=^CH— CHO 
H3C— CH=CH— CH=<:H— CHO 



2-He9tenal > 2-Pentena] > 2-Batenal 
A - CHiCHjCHs CH3CH3 CHs 

The longer the alkyl chain, the greater is the activity 
(sttbstitnents greater than (our carbons aie not water sohibte). 
The activity of several of the or,^unsatuiated monoaldehydes 
in the presence and absence of 2% GA is shown in Fig. 1. 
The data indicate enhaiKcd activity of the combination over 
the activity of the 2% GA or monoaldehyde alone. 2-Butenal 
and /ra/i5''2-hexenal showed aaivity at low concentrations 
(<0.5%). 2-Propena] (0.19%) achieved complete kill of 10^ 
CFU ml ~* M. bovis in £2min. Neutralization controls 
indicate complete neutralization of the antimicFobial activity. 

Aromatic aidehydes 

A series of studies was done looking at the effect of 
mycobacteiiddal activity of aromatic aldehydes (structures 
shown in Table 3) in combination with GA. Table 4 shows 
increased activity with the addition of 0.3% benzaldehyde 
(BA) to solutions of 0.5 to 2.0% GA. Complete kill of 
>10* CFU ml"' was achieved in <20 min even with the 
lowest levd of glutaraldehyde tested, whereas 2% and 3% 
GA alone require >60 min for complete IcDI of the same 
test population. 

Several monosubstituted BA compounds (Table 5) weie 
evaJuated in comlriflation with 2% ghitaraldehyde. Substitit* 



Mar 30 06 10.^ 

f 

I 



Norm Bmckner 



9725961190 



10« 




9 10 30 30 



TTwe iwnn) 

Fig. I. Mycobactcricidat activity of 2-biiteiial ( # > , irons-Tr 
h haenal (—A — ), ^Diaraldeb>'de (— 0-). GA + 2-butcnal 

(-^A— ). GA + minf-24iC3icoal (—□—). GA + 2-propcftAl 
( — ■ — }. 2-propeiial alone produced conplete kill in <2 mio. 

cnts may also be present in the 2 (ortho-) and 3 (meta-) 
positions of BA with retention of good mycobacteriddal 
activity enhancement. Althougli none had the enhancement 
effect of benzaldebyde, all provided enhancement that 
increased the activity over that of 2% ghttaraldehyde. 
The activity of two representative aromatic aldehydes, 
benzaldehyde and p-dimethylamino benzatdehjde in the 
presence and absence of 2% GA are shown in Fig. 2. 
Neither showed activity alone, however, each increased the 
myoobactericida] activity of 2% GA. 

The disnbstituted BA compounds, 4-]iydfOxy-S-niethoxy-, 
S-hydnu^^metfaogcy-, 3,4Kliaxymetlq^ene-, 3,4,-dihydkOKy-, 
and 3,4-diinetbo7^-, were evaioated for activity ^en added 
to 2% GA at concentrations <0.55%. All resulted in 
enhancement activity and 3,4-dioxymethylene benzaldehyde 
had the greatest affect (Table 6) . The aromatic cfialdehyde , 2- 
fEnmylbenzaldehyde (o-phthalaldehyde, OPA) was evahiated 
tor activity when added to 2% GA. The activity of this 
combination was due largely to OPA as shown in Fig 3. These 
data indicate that OPA rapidly inactivates l(fi CPU ml"' M. 
bovis in less than 10 rain at ail three concentrations tested 
with complete ktti In less than 5 min at 20 ""C with 0.45^0 
OPA. 

Several monosubstituted OPA corapoimds (4-methoxy-, 
4-hydroxy-, 4-ehk>TO-, and 4<arbo)ryOPA) were compared 
to OPA for mycobacteriddal activity in the absence of 2% 
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TABLE 3 

Stracturc of ar(»naiic aldehydes evaluated 
B a 



Compound Subsdtueat groups 





A 


B 


C 


Benzaldehyde 


H 


H 


H 


^•Hydrozybenzakiehyde 


OH 


H 


H 


341ydroxybenzaldehyde 


H 


OH 


H 


4>Hydrozybenzaldehyde 


H 


H 


OH 


4-Mcthoxybe nzaldehyde 


H 


H 


OCHj 


4-Mcthylbefizaldehyde 


H 


H 


CH, 


4<:hlorobenzaldehyde 


H 


H 


a 


4*Nittobcn2aldehyde 


H 


H 


NO3 


p-DimeihyfaniiiiobenzaldchydB 


H 


H 


pi, 

Vh, 


4-Hydroxy-3>Metliozybenzaldel)yde 


H 


OOl, 


OH 


3-Hydr<»y-4-Methozy benzaldehyde 


H 


OH 


OCH, 


3 ,4'Dioxymethy tcnehenzatdchydc 


H 


OCH, 


OCHs 


3»4-Dihydroixybcnzaldehyde 


H 


OH 


OH 


3,4-I>in)eihoicyt}enzaldetiyde 


H 


OCH3 


OCH, 


2-Fomiylbeazaldebyiie 


CHO 


H 


H 


4-Methoxy-2*Fonnylbeiizaldehydc 


CHO 


H 


OCH, 


4-Hydroxy>2-FonnylbeazaIdehyde 


CHO 


H 


OH 


4-CMoro-2-Forniylbcnzaldehyde 


CHO 


H 


a 


4-Caf1>oxy-3-Fannylbenzaldehyde 


CHO 


H 


COOT 


3<:arbcixy^Meiboxy-S>Methyl-2- 


CHO 


COOH 


OCH, 


FomiylbcDsaldehyde 






(]>-CHO 



TABLE 4 

Effect of ghttaraldehyde oonccmration on mycobacteriddal activity 
of beisnldebyde^ 



Concentration Time for total kill 



Glutaraldehyde 
% (w/w) 


Benzaldehyde 


at 20 X (min) 


2.0 




>90 


3.0 




75 


2.0 


aao 


10 


1.0 


0.30 


15 


o.s 


0.30 


20 



-Sec footnote s. Table 2. 



GA (data not shown). The activity of 0.13% 4-raethoxy- 
OPA was somewhat greater than that of an equimolar 
solution of OFA, while the 4-cMoro compound had similar 
activity. However, the 4-hydroxy- derivative had less activity 
than OPA, and 4^rboxy-OPA had no substantial activity 
as did the trisubstituted OPA compound 3-carboxy-4- 
methoxy-5*meihyl-OPA, 
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TABLES 

CfTcci of monosubstttuled benzaldehydcs oo fflycobadcruadal 
activiiy of 2% alkaliiie gihiwraldehydc solution- 



Monoaldehyde (%wAv>*) 



BenzakSchyde (0.30^) 

2- Hytlrojc>'bcnzakfehyde (0.41) 
(salkylaldchyde) 

3- Hydrox)bcn2aldchydc (0.41) 
4'Hydroxybenzaldehyde (0.4t) 

4- MeilioxybcTizaldehydc (0.45) 
(p^AiiJsalfSebyde) 

(p-Tohialdcliyde) 
A-Chlorobeiizaklcliyde (0.ti6<) 
4-NitfObeii2aldchy«lc (O.O50 



Time for local 
kiU ai20'C 
(wn) 



10 
20 

20 
30 
20 

20 

20 
30 



'See fdomoie a. Tabic 2. 
■"See footnote b. Table 2. 

•Solnbaity fimit c<|uivalcni lo 2.83 minol per 100 s of solution. 
^Sohibility )imii equivalent to 1.50 nnool per 100 g of solution. 
^SohibOity limit cquivaicnt to 0.43 mmol per 100 ; of solution. 
'SoCubility firatt cctonralem lo 0.40 mmol per 100 g of soIutiDn. 



TABLE 6 

Effect of disubstituled benzaldehydes on mycobacteridda) activity 



of 7% alkaline ghnaraUebyde* 


Monoaldebyde (%wAv*») 


Trnie for total 




kiU at 20 




(min) 


Benuildcbyde [OJO') 


10 


4'Hydroxy>3-Methoxybeiizaldehy<le (O-Sl) 


30-35 


(Vanimn) 




3-Hydroxy-4.lWfethoxyfaeRzaldeiiy(le (0.20) 


35-40 


(Isowanillin) 




3»4-DioxymethyIeiiebenzaldcbyde (0.30^) 


20 


(Piperonal) 




3ADibydiroxybeTizaldehyde (0.46) 


70-90 


3.4-Dimetboxybcnzaldehyde (0.55) 


35 


(Vecatraidefayde) 




"See fooCBOte a« Table 2. 




■■Soe footnote b. Table 2. 




'See footnote Table S. 




"^hibility limit eqoivaleot to 1.31 mmol per 


lOOg of sohitioii. 


«SoliibiKty limit equivalent to 2.00 mmol per 


100 g of sointion. 



9 

c 

I 

£ 




4 

i 

e 




fifpo (mini 

Fig. 2. Mycobactcriddal activity of ^imcihyl amino beozaldehydc 
(— 0-). beniaWehyde GA (—A—). GA + />DMB 

(—A—), and CA beozaldehyde (— D— ). 



Time <inio) 

Fig^ 3. MyoDbaderiddal activity of o-phtbalaldehydc, 0.1% 
(—A—), 0.2% (—A—), and 0.45% (— ) compared to 2% 
gtucaraldehyclc (— O— ). 
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DISCUSSION 

- onST"^*^^* disinfectant fonn«l«io« 

ance the ongmal descripikm of the »,timlcrobia> p,opert,« 
P«PP«' and Chandler f25]. TT^ eKcellenVbSS 

S;r,2?r^ ""t'r 8f"'«-'**yde .s a better sporicidc 
Aati acKJ or neutral GA tl5.21]. This pH dcpeodewe does 
not with other bacteria including myootacieri. 

The mj^robactericidal properties of ghitaraldehyde are 
l«s than lis actmty against other Oram-posilive and Gram- 
ScATt ' 'o,re,hhcare 

of CTtical equipment. Cole et al. [8] showed that regardless 
of .he cfaim on ghUaraldehyde formutetioos. the .Sty of 
the situation leqanes that at least a aO-Brin soak of mecLal 
eqmpment b necessary for mycobactericidal activfty whereas 
•w« vi^tative oiganisms are eradicated in 10 min or less 
An altematnre to GA as a disinfectant is desired because 
or the intermediate mycobactericidal activity, toxidtv and 
«rntatjO|, potential. a.^Unsatnrated and aromadc aldehydes 
have been used in the flavor and food industry and therefore 
b^beeo ,de„rified as safe for use in that^Sj 
humans. An examination of their antimicrobiaJ properties 
mrtcates that several may have exoeHent activity while others 
LTcTT' ^^'h GA, many of these additives 

«n substantBlly mcrease the mycobactericidal activity of 
the formulatK)n. TTieir activity appear lo be .elated to the 
substituent groups on the molecule 

increased chain length of the substituent group on fhc A 
P«.tton. pratoWy due to i«:reased hydrophobicity aS 
bener penetrability of the molecule through the Upid matrix 
or the ceH wall-membrane of mycobacteria. Disubstitution 
whether in the a, 0, or 0„ ft posiUon, reduced thii 
enhancement effect of the aldehyde significantly. This may 
be due to steric hindrance in the formation of the 14 

a(ttlionpKKh«wiihamineorsulfhydrylgroups.sigm-|icantf^ 
Kduang die anlimicfDbial activity of the aldehyde 

With die aromatic aldehydes, it is evident th^t either 
electron reteising (methoxy. methyl, chloro) or election 
withdrawmg (nitre) substitueats in the 4 (para-) position of 
BA resuhs ,n increased mycobactericidal activity. 4-HydxoxY 
HA showed the leas, amount of activity enhancement, whiS 
'^P"^'^- « m shoJc, that 

theannmicrobjal actnity of substituted benzaWehydes was 
<toecdy related to the partition coefficient of the aldehyite 

«toed to^ abilny to penetrate the lipid cell wall^mbrane 
«™ptex. This IS of particular relevance with die highly lipid 
cell wall-membrane complex of mycobacteria which possesses 

iTl^^. hydrophobic chemicaU are moi* likely 

i^*^!^ "l^bacterial cells. Although penetration o[ 
the compound ,nto the cell plays an important rote in 
a^rmcrohal activity, ,he activity of the benzalSyde 
impounds IS nslatcd u> the reactivity of the 

to™>yl group. WhBe benarfdehy* is active at Lhr low 
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.'^"^""''k!^ ^ ^"'^ »cid a, concen- 

trations as high as 10% in a 2% GA formulation showS 
or no actmty enhancement over the activity of Cr^lS fa 

afcohol and benaoK acid i»re shcnm to be relatively inatSe 
when compared to benaaldehyde. 
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